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Endovascular treatment of ruptured axillary and
large internal mammary artery aneurysms in a
patient with Marfan syndrome
Jessica F. Rose, DO, Layla C. Lucas, MD, Trung D. Bui, MD, and Joseph L. Mills Sr, MD, Tucson, Ariz
Marfan syndrome is an autosomally inherited disorder affecting the synthesis of connective tissues. Vascular manifesta-
tions of Marfan syndrome include aneurysmal dilatation of the aortic root, aortic dissection, and rupture. Peripheral
aneurysms are mostly reported in the iliac, femoral, and subclavian arteries. We report a Marfan patient with a ruptured
axillary artery aneurysm and a large left internal mammary artery aneurysm. The axillary aneurysm was successfully
excluded using covered stent grafts, and the left internal mammary artery aneurysm was effectively coiled. Duplex
ultrasound imaging at 4 months and computed tomography at 9 months demonstrated complete thrombosis and
exclusion of both aneurysms with patent subclavian-axillary stent grafts. ( J Vasc Surg 2011;53:478-82.)
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tMost aneurysms are thought to be degenerative in
origin; however, they are also associated with trauma, in-
fection, entrapment, and connective tissue disorders, in-
cluding Marfan syndrome (MFS). Changes in the vascula-
ture of MFS patients at the cellular level, including intimal
hyperplasia and fragmentation as well as cystic medial ne-
crosis, may lead to the loss of tensile strength and a propen-
sity to form aneurysms.1-3 True axillary aneurysms are
uncommon clinical entities. They tend to occur secondary
to trauma—especially after repetitive, blunt trauma from
using crutches or stretch injuries from pitching baseballs.4,5
Pseudoaneurysms can occur after stretch injuries or pene-
trating trauma. Internal mammary artery aneurysms, al-
though rare, have been described in patients with fibromus-
cular dysplasia, infection, arteritis, or trauma from median
sternotomy or attempted subclavian venous puncture.3,6
CASE REPORT
A 68-year-old man underwent multiple interventions for vas-
cular manifestations of MFS. In 1990 he underwent open infrare-
nal abdominal aortic aneurysm repair with a tube graft. The
ascending aorta and the aortic valve were replaced in 1997. The
thoracoabdominal aorta from the left subclavian to the renal
arteries was subsequently replaced in 2000. Owing to cardiomy-
opathy, a heart transplant was performed in 2002.
Aneurysms of the left axillary artery and left internal mammary
artery (LIMA), dissection of the right subclavian artery, and a
5.1-cm pseudoaneurysm from the ascending aorta had been noted
on two previous computed tomography (CT) scans; however,
these were not routinely monitored.
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478The patient presented with acute onset of severe left shoulder
ain associated with extensive ecchymosis across his left chest wall
nd axilla and also intermittent numbness and tingling of his left
rm. Before the onset of pain, he experienced excessive coughing
nd was subsequently diagnosed with community-acquired pneu-
onia. Physical examination revealed a Marfanoid body habitus,
cchymosis over his left chest wall, and a large, pulsatile mass below
is distal left clavicle. He was hemodynamically stable.
A contrast-enhanced CT of the chest demonstrated a ruptured
eft axillary aneurysm measuring 5.6 5.7 cm in diameter, with fat
tranding and hemorrhage tracking behind the pectoralis muscle
Fig 1, A). An intact, 6  4.6-cm LIMA aneurysm was also noted
ust distal to its origin from the subclavian artery (Fig 1, A-C).
hese aneurysms were measured at 4.6 and 4.9 cm in greatest
iameter, respectively, on his last chest CT 2 years before. A
table-appearing pseudoaneurysm of the ascending aorta and dis-
ection with mild dilatation of the right subclavian artery were also
oted (Fig 1, A).
Hemorrhage, pain, and neurologic impairment necessitated
rgent operative intervention. An endovascular approach was fa-
ored because the patient had undergone two previous median
ternotomies and now presented with active pneumonia. The right
ommon femoral artery (CFA) and left brachial artery were ac-
essed percutaneously. A floppy wire was snared from the brachial
rtery access and brought into the CFA sheath. This was then
xchanged for a stiff wire to allow the devices to track smoothly
“body flossing”). The left axillary aneurysm was treated first (Fig
). From the brachial artery, a 10-mm 10-cm Viabahn stent graft
W. L. Gore and Assoc, Flagstaff, Ariz) was deployed. Proximal to
his device, but distal to the vertebral artery, a 16-mm  12-cm
xcluder limb (W. L. Gore and Assoc) was placed in the subclavian
rtery, overlapping 1.5 cm into the Viabahn graft. The Viabahn
tent graft inadvertently migrated distally during wire exchange.
n additional 11-mm  5-cm Viabahn graft was placed over the
unction of the two stent grafts (Fig 3,A). Balloon dilation ensured
n excellent seal.
To treat the LIMA aneurysm, a 90-cm sheath was advanced
nto the right subclavian artery from the femoral access site, facili-
ating placement of multiple Tornado coils (Cook Medical Inc,
loomington, Ind) into the aneurysm neck and sac (Fig 3, A). A
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Volume 53, Number 2 Rose et al 479ompletion angiogram demonstrated no flow into the LIMA
neurysm sac, complete exclusion of the axillary aneurysm, and a
atent vertebral artery (Fig 3, B). At the conclusion of the proce-
ure, a brachial artery cutdown was performed to allow primary
epair of the artery. Manual compression was held on the femoral
rtery puncture site.
The patient recovered well. The radial pulse was palpable
ostoperatively. The mass on his left chest was no longer pulsatile.
is pneumonia resolved with antibiotics and pulmonary toilet.
ecause of chronic renal insufficiency, N-acetylcysteine, hydration,
nd minimal contrast (60 mL) were used. A rise in his serum
reatinine concentration returned to baseline within a week.
An arterial duplex scan of his left subclavian and axillary
rteries 4 months postoperatively showed no endoleak, triphasic
ow, and completely thrombosed aneurysm sacs. A noncontrast
T of the chest 9 months later showed resolution of the left axillary
neurysm and shrinkage of the LIMA aneurysm from 6 to 2.5 cm
n maximum diameter (Fig 4). The durability of endovascular stent
rafts in the peripheral arteries of MFS patients is unknown;
herefore, this patient will be monitored closely with duplex and
T imaging surveillance.
ISCUSSION
MFS is an inherited defect in connective tissue synthe-
is, most commonly caused by an autosomal dominant
utation of the fibrillin-1 gene (FBN1). The Marfan phe-
otype is most significant for skeletal abnormalities: tall,
hin, short torso, and arachnodactyly. Other manifestations
nclude high propensity for lens dislocation, arched palate,
kin with striae, and fascia prone to incisional and inguinal
ig 2. An intraoperative arteriogram demonstrates left axillary
neurysm () cannulation with a marking catheter and a stiff wire.
arly filling of the left interior mammary artery aneurysm (arrow)
s seen.Fig 1. A, A computed tomography (CT) angiogram with an
anteroposterior view of the chest indicates the left internal mam-
mary artery (LIMA) aneurysm (arrow) has a proximal neck. The
tissue surrounding the left axillary aneurysm () shows evidence of
previous hemorrhage.B,A CT angiogram with coronal view of the
chest shows the LIMA aneurysm (arrow) and the left axillary
aneurysm (). C, A CT angiogram with coronal view of the chest
reveals a large LIMA aneurysm (arrow) containing mural throm-ernias. At the cellular level, these patients have elastic fiber
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February 2011480 Rose et alcalcification, increased deposition of matrix elements, and
intimal hyperplasia. These changes may lead to fragmenta-
tion and loss of tensile strength of the vessel fibers, allowing
the vessel walls to stretch and form aneurysms.1 The media
is subject to cystic medial necrosis and vacuolization, which
Fig 3. A, An intraoperative fluoroscopy demonstrates placement
of three stent grafts with adequate overlap: a 16-mm  12-cm
Gore Excluder limb (a), a 10-mm 10-cm Viabahn stent (b), and
a 11-mm  5-cm Viabahn stent (c). Embolization coils were
placed in the left interior mammary artery (LIMA) aneurysm neck
and sac (d). B, An intraoperative arteriogram confirms patency of
the left subclavian and axillary arteries after overlapping stent graft
placement. The LIMA aneurysm is completely excluded.leads to both aneurysmal disease and dissection.2,3 iCardiovascular complications account for most of the
orbidity and mortality in these patients, many of whom
ave mitral valve regurgitation or prolapse, or both, aortic
oot dilatation, ascending aortic aneurysms (with high risk
or dissection and rupture), and commonly, abdominal
ortic aneurysms.7 The incidence of peripheral aneurysms
n MFS patients is not well described in the literature.3
As previously mentioned, axillary and IMA aneurysms
ypically occur in a traumatic setting or in patients with
onnective tissue disorders. A limited number of case re-
orts exist describing true axillary aneurysms, and the liter-
ture in MFS patients is especially sparse.5 In a comprehen-
ive search, we identified no reported cases of simultaneous
xillary and IMA aneurysms. The Table outlines the loca-
ion, etiology, and treatment of reported axillary and IMA
neurysms in the current literature.8-17
The decision to treat axillary and IMA aneurysms is
ased on size, presence of symptoms, and the risk for
mpending rupture.4,5,18 Axillary artery aneurysms can
ause ischemia due to thromboembolism. Compression
rom large aneurysms, pseudoaneurysms, and hematomas
an produce severe pain and brachial plexopathy. Sponta-
eous rupture can occur, as experienced by our patient.
Few published reports have described treating axillary
seudoaneurysms with percutaneous endovascular stent
rafts; however, none were “true” aneurysms or patients
ith MFS.4,18 Much of the literature describes true axillary
neurysm resection with vein graft interposition.19 Endo-
ascular techniques may be especially advantageous for
FS, because patients with various types of cystic medial
ecrosis have suboptimal outcomes with open repair. Self-
xpanding stents in the upper arm are likely a better option
ecause they are less apt to deformation with movement
nd compression.4 The Viabahn stent graft is flexible, mak-
ig 4. Computed tomography imaging without contrast 9
onths later shows the left axillary stent graft, with no evidence of
he previous axillary aneurysm (). The left internal mammary
rtery aneurysm with embolization coils has shrunk to one-third of
ts original size (arrow).ng it more adaptable to tortuous anatomy.20,21 Excluding
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Volume 53, Number 2 Rose et al 481true axillary aneurysms with a covered stent seems prudent;
however, some pseudoaneurysms, especially saccular ones,
can be treated by placing coils in the aneurysm cavity, and
an uncovered stent can be placed to allow maintenance of
the side branches after repair.19
The literature primarily describes treatment options for
IMA pseudoaneurysms after median sternotomy, but such
options can be applied to true IMA aneurysms as well.
Open repair through a limited thoracotomy allows excision
Table. Description of reported axillary and internal mamm
Aneurysm location Etiology Presentation
L axillary5 No risk factors,
exercise
L arm pain,
thromboembolis
R axillary aneurysm8 Major league
pitcher
Numbness and coo
of pitching hand
R axillary aneurysm9 Baseball pitcher Numbness, cyanos
coolness of R ha
with signs of sm
vessel embolizat
digits 2-4
R axillary aneurysm9 Baseball pitcher Numbness, cyanos
the right 2nd fin
R axillary
aneurysm10
Alport’s
syndrome,
previous fistula
Embolization to fi
L axillary
aneurysm11
IV drug abuse,
mycotic
aneurysm
Finger tip ischemia
L axillary
aneurysm12
Long-term crutch
use
Pain in L hand and
absence of pulse
L axillary
aneurysm12
Long-term crutch
use
Coolness and pain
hand
R axillary
aneurysm12
Long-term crutch
use
Pain, numbness, an
tingling of R han
R axillary
aneurysm12
Long-term crutch
use
Pain in R hand, wr
with absence of
sensation
L axillary
aneurysm12
Long-term crutch
use
Pain, paralysis, coo
of L hand witho
pulses or sensati
L IMA aneurysm13 MFS, previous
MVC
Incidental on rout
CXR
Ruptured L IMA
aneurysm6
Ehlers-Danlos Spontaneous
hemothorax
Ruptured L IMA14 No risk factors Hemothorax
BL IMA
aneurysms15
Polyarteritis
nodosa
Hemoptysis, incide
finding on imag
L IMA aneurysm16 Unknown Incidental “coin le
on CXR
R IMA aneurysm17 Atherosclerosis Anterior mediastin
mass
BL, Bilateral, CXR, chest x-ray; IMA, internal mammary artery; IV, intraveor ligation of the aneurysm. Embolization results in prompt phrombosis and an earlier patient discharge.22 We identi-
ed a single report of a LIMA aneurysm in a Marfan patient
hat was successfully treated with coil embolization.13 If the
atency of the LIMA needs to be preserved, coronary stents
ave been placed in the LIMA to exclude the aneurysm
ac.22
ONCLUSIONS
The genetic defect in connective tissue synthesis in
artery aneurysms, treatment modality, and outcomes
Treatment Outcomes
Self expanding wall graft
stent
Uneventful recovery
Open resection with reverse
saphenous vein graft
Uneventful recovery;
return to major league
pitching
d Open exploration, aneurysm
ligation, ligation of
anterior and posterior
circumflex humeral
arteries
Uneventful recovery;
return to major league
pitching
Open exploration, aneurysm
ligation and repair with
reverse saphenous vein
graft, ligation of anterior
and posterior circumflex
humeral arteries
Uneventful recovery;
return to major league
pitching
Open resection with reverse
saphenous vein graft,
ligation of feeding vessels
Uneventful recovery
Open resection with reverse
saphenous vein graft
Uneventful recovery
Open resection with end-to-
end anastomosis
Uneventful recovery
Open resection with reverse
saphenous vein graft
Uneventful recovery;
however, return of
ischemia in 6 months
Open exploration with
aneurysmorrhaphy
Uneventful recovery
Open resection with reverse
saphenous vein graft
Uneventful recovery
Open resection with Dacron
graft
Uneventful recovery
Coil embolization Uneventful recovery; died
years later from type A
dissection
Thoracotomy with ligation
of the LIMA, drainage of
hemothorax
Uneventful recovery
Angiographic embolization,
thoracotomy for
hematoma evacuation
Uneventful recovery
Thoracotomy with bilateral
aneurysmectomy
Uneventful recovery
Exploratory thoracotomy
and ligation of aneurysm
Uneventful recovery
Open ligation and resection Uneventful recovery
L, left; MFS, Marfan syndrome; MVC, motor vehicle collision; R, right.ary
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February 2011482 Rose et alonly of the aorta but also of the peripheral arteries. Aneu-
rysms of the axillary artery and IMA are rare but potentially
morbid. The presence of symptoms and an increase in the
rate of growth are indications for treatment. Such aneu-
rysms are amenable to endovascular therapy. The durability
and patency of peripheral arterial stent grafts in patients
with MFS is as yet unknown. Our short-term follow-up of
this patient demonstrates an excellent result with symptom
resolution significant sac shrinkage and complete exclusion
of the aneurysm.
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